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T h e  i n v e s t i g a t i o n  of t h e  Disk-Gap-Band p a r a c h u t e  system c o n s i s t e d  o@ a 
series of  wind tunnel  tests of models ,  a d e s i g n  s t u d y ,  vacuum  chamber i n f l a t i o n  
tes ts ,  and a series o f   e l e v e n   r o c k e t   l a u n c h e d   f l i g h t  tes ts .  The  Disk-Gap-Band 
p a r a c h u t e  i s  u t i l i z e d  f o r  very l o w  d y n a m i c  p r e s s u r e  a p p l i c a t i o n s  a n d  t h e r e f o r e  
u t i l i z e s  a w a t e r  v a p o r  p r e s s u r i z e d  t o r u s  i n f l a t i o n  a i d  t o  a s s i s t  i n  o p e n i n g  
t h e  c a n o p y  a t  a l t i t u d e s  a t  or above 200,000 f e e t .  The p a r a c h u t e s   f l i g h t  
t e s t e d  a t  a l t i t u d e s  a s  h i g h  a s  232,000 f e e t  o p e n e d  i m m e d i a t e l y  a f t e r  e j e c t i o n  
f r o m   t h e   r o c k e t s .  A prob lem  o f   suspens ion   l i ne   t ang l ing   du r ing   dep loymen t  
occur red  on t h e  f i r s t  f e w  f l i g h t s .  T h i s  p r o b l e m  o f  l i n e  t a n g l i n g  was so lved  
by  mod i fy ing  the  pa rachu te  dep loymen t  bag  to  inc lude  canopy  r e s t r a in ing  s t r aps  
and a s h o c k   a t t e n u a t i n g   l a n y a r d .  Movie films from  camera  payloads  indicate  
t h a t  t h e  Disk-Gap-Band p a r a c h u t e  i s  a e r o d y n a m i c a l l y  s t a b l e  a t  a l l  a l t i t u d e s  o f  
o p e r a t i o n  a n d  p r o v i d e s  c o n s t a n t  d r a g  a r e a  a t  a l l  times. 
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I. INTRODUCTION 
P a r a c h u t e s ,  o f  v a r i o u s  d e s i g n s ,  h a v e  b e e n  u s e d  f o r  s e v e r a l  y e a r s  a s  w i n d  
s e n s o r s ,  o r  a s  c a r r i e r s  o f  m e t e o r l o g i c a l  i n s t r u m e n t s  a t  a l t i t u d e s  a s  h i g h  a s  
200,000 f e e t .  T h e s e  p a r a c h u t e s  a n d  t h e i r  p a y l o a d s  a r e  c a r r i e d  a l o f t  b y  s m a l l  
s o u n d i n g  r o c k e t s .  As e x p e r i e n c e  was g a i n e d  w i t h  t h e s e  s o u n d i n g  r o c k e t  p a r a -  
c h u t e  s y s t e m s  c e r t a i n  c r i t e r i a  ( R e f e r e n c e  1) were e s t a b l i s h e d  c o n c e r n i n g  desired 
p e r f o r m a n c e   c h a r a c t e r i s t i c s .   T h e  Disk-Gap-Band (DGB) parachute   des ign*   was  
o r i g i n a t e d  t o  meet t h e s e  r e q u i r e m e n t s ,  a n d  t h e  p e r f o r m a n c e  g o a l s  f o r  t h e  DGB 
parachute  system developed and t e s t ed  on t h i s  program were: 
1. 
2. 
3 .  
4. 
5. 
The p a r a c h u t e  s h o u l d  i n f l a t e  i m m e d i a t e l y  a t  e j e c t i o n  a l t i t u d e s  
of 200,000 f e e t  or h i g h e r .  
The parachute   should   remain   fu l ly   open ,   and   provide   normal   d rag  
a r e a  a t  a l l  times. 
The pa rachu te  shou ld  have  good  d rag  e f f i c i ency  based  on weight  
and volume. 
The pa rachu te  shou ld  be a e r o d y n a m i c a l l y  s t a b l e  a t  a l l  a l t i t u d e s  
o f  o p e r a t i o n .  
The parachute  canopy should  be r a d a r  r e f l e c t i v e  t o  p rov ide  a 
good t r a c k  c a p a b i l i t y .  
The   p rog ram  fo r   ach iev ing   t hese   pe r fo rmance   goa l s   cons i s t ed   o f :  1) a 
series of  wind tunnel  t es t s  t o  d e t e r m i n e  t h e  DGB canopy  conf igu ra t ion  for 
optimum s t a b i l i t y  a n d  d r a g  p e r f o r m a n c e ,  2) a d e s i g n   s t u d y   t o   d e t e r m i n e  
t h e  b e s t  and s i m p l e s t  way t o  a s s i s t  c a n o p y  o p e n i n g  b y  p r e s s u r e  i n f l a t i o n  
a i d s ,  3) vacuum  chamber i n f l a t i o n  tes ts  t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  of 
* P a t e n t  P e n d i n g  
the  v a r i o u s  i n f l a t i o n  a i d  d e s i g n s ,  a n d  4) a series of e l e v e n  r o c k e t - l a u n c h e d  
f l i g h t  tes ts  t o  d e t e r m i n e  d e p l o y m e n t  a n d  d e s c e n t  c a p a b i l i t i e s  a n d  . o  q u a l i f y  
t he  pa rachu te   sys t em.  The p a r a c h u t e s  u s e d  f o r  t h e  f l i g h t  tes ts  were des igned  
fo r  a canopy loading  (dynamic  pressure)  of 0.05 pounds  pe r  squa re  foo t ,  which 
w i l l  p r o v i d e  a d e s c e n t  r a t e  of 450 f e e t  p e r  s e c o n d  a t  a n  a l t i t u d e  of 200,000 
feet .  
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11. W I N D  TUNNEL TESTS OF VARIOUS DGB CANOPY  CONFIGURATIONS* 
""
A .  Models 
The  Disk-Gap-Band pa rachu te  canopy ,  a s  sugges t ed  by  i t s  name, c o n s i s t s  
of a c e n t r a l l y  l o c a t e d  d i s k  s e p a r a t e d  by  a  gap or space from a band  which 
is  p e r p e n d i c u l a r  t o  t h e  d i s k .  S u s p e n s i o n  l i n e s  or t apes   runn ing   f rom  the  
e d g e  o f  t h e  d i s k  t o  t h e  b a n d  j o i n  t h e  t w o  p o r t i o n s  of the   canopy.   Severa l  
v a r i a t i o n s  i n  a r e a  r e l a t i o n s h i p s  among t h e  t h r e e  s e c t i o n s  o f  t h e  c a n o p y  
a r e   p o s s i b l e .   S i x  DGE3 pa rachu te   mode l s ,   hav ing   va r i a t ions   i n   gap   and /o r  
b a n d  w i d t h  a s  l i s t e d  i n  T a b l e  1, were   t e s t ed .  The  models  were  constructed 
o f   nonpe rmeab le ,   r e in fo rced   f i lm   ma te r i a l s .  A t y p i c a l   g o r e   l a y o u t  i s  
shown i n  F i g u r e  1. 
B .  Pendulum  Tests  
pendu lum type  wind  tunne l  t e s t s  were  conduc ted  on  the  s ix  DGB p a r a -  
chute models t o  d e t e r m i n e  t h e  e f f e c t s  of t he  canopy  va r i a t ions  on  d rag  and  
s t a b i l i t y .  T h e s e  pendulum t e s t s  were  conducted i n  t h e  open s e c t i o n   o f   t h e  
Universi ty  of  Minnesota  subsonic  wind tunnel  a t  a v e l o c i t y  o f  45 f p s ,  
c o r r e s p o n d i n g  t o  a Reynolds  number  of  approximately 6 X 10  . The  pendulum 
d e v i c e  a l l o w s  t h e  p a r a c h u t e  t o  move f r e e l y  i n  t h e  h o r i z o n t a l  p l a n e  o n l y ,  
t h u s  e l i m i n a t i n g  t h e  e f f e c t s  o f  g r a v i t y  o n  t h e  m o d e l .  The  pendulum t e s t  
d e v i c e ,  shown i n  F i g u r e s  2 and 3 ,  i s  used t o  measure  the  parachute  drag  
and  the  ang le  o f  a t t ack  a t  wh ich  the  pa rachu te  i s  s t a b l e .  
5 
*The i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  s e c t i o n  i s  based  on  work  done  by 
D r .  H. G. H e i n r i c h ,  E.  L.  Haak,  and R .  J. Niccum  of the   Depar tment  of 
Aeronaut ics  and  Engineer ing  Mechanics  of  the  Univers i ty  of  Minnesota ,  
sponsored  by  the G. T. S c h j e l d a h l  Company. 
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TABLE 1 
D-G-B  MODEL  DATA 
MODEL NOMINAL TmAL CONSTRUCTED 
DIAMETER DIAMETER AREA 
No. I n .  I n .  2 In. 
1 
2 
25.5 510  18 
25.5 510  18 
I I I I 
4 18  565.5 26.8
I 
5 
! 17.67 245 12 4a 
25.2  499  18 6 
24.8  482  18 
6 a  12 217.51 16.65 
I 
DISK 




I n .  SD/S, D/D, 
18 
0.50 0.71  18
0.50 0.71 
18 0.50 0.71 
18 0.45 0.67 
18 0.530.73 
18 0.51  0.71 
12 
0.52 0.72 12 
0.46  0.68 




12.0 3.00 0.121 .35 24.8 1.00 
15.0 3.03 0.119 '.34 25.2 1.00 
. 
15.0 2.55 0.144 -39 19.4  1 11 
15.0 1.92 , 0.115 .33 i 19.5 ( 1.19 
-G- 
G A P  B A N D  
FIG.1 TYPICAL GORE PATTERN 
FIG 2. DETAILS OF THE  PENDULUM  DEVICE 
WITH FORCE  SENSING  STRAINGAGE,  ANGLE 
MEASURING ELEMENT; AND CENTER  STING 
5 
FIG. 3. PENDULUM  DEVICE  AND  PARACHUTE 
MODEL MOUNTED IN WIND  TUNNEL 
6 
The r e s u l t s  of the  pendulum tes t s ,  l i s t e d  i n  T a b l e  2 ,  i n d i c a t e d  t h a t  
the   s tab le   angle   o f   the   models   ranged   f rom 0 t o  4 degrees .  The d r a g  
c o e f f i c i e n t s  r a n g e d  f r o m  0 . 7 6 2  t o  0.895, w i t h  t h e  more s t a b l e  c o n f i g u r a -  
t i o n s  g e n e r a l l y  h a v i n g  t h e  l o w e r  d r a g .  B e c a u s e  s t a b i l i t y  was  of  prime 
impor tance ,  models  4 and  6  were s e l e c t e d  f o r  f u r t h e r  t e s t i n g .  
C.  Three  Component  Measurements 
New m o d e l s ,  d e s i g n a t e d  a s  4 a  a n d  6 a  ( a l s o  l i s t e d  i n  T a b l e  l ) ,  were 
f a b r i c a t e d  t o  t h e  same c o n f i g u r a t i o n  a s  m o d e l s  4 and 6 ,  e x c e p t  t h a t  t h e y  
were   o f   smal le r   cons t ruc ted   d iameter .  
These new models  were  p laced  in  the  c losed  tes t  sec t ion  of  the  wind  
t u n n e l  on  a t h ree -componen t  s t r a in  gage  ba lance ,  ( s ee  F igu res  4 and 5), 
f o r   d e t e r m i n a t i o n  of t h e   t a n g e n t   f o r c e  (T) and  the  normal   force ( N ) .  The 
ment. The p r o c e d u r e   u s e d   i n   t h i s   s e r i e s  of t e s t s  i s  more comple t e ly  
d e s c r i b e d  i n  R e f e r e n c e  2 .  
b 
The t a n g e n t  f o r c e  i s  d e f i n e d  a s  t h e  f o r c e  w h i c h  a c t s  a l o n g  t h e  a x i s  
of  symmetry  of  the  canopy. The n o r m a l   f o r c e   a c t s   p e r p e n d i c u l a r l y   t o   t h e  
center l ine   o f   the   canopy,   and   produces   the   aerodynamic  moment about  a 
point   one  nominal   diameter   below  the  leading  edge of the  canopy.  The 
moment i s  c o n s i d e r e d  t o  b e  n e g a t i v e  w h e n ,  f o r  a n g l e s  o f  a t t a c k  g r e a t e r  
t h a n  t h e  s t a b l e  a n g l e ,  it t e n d s  t o  r o t a t e  t h e  c a n o p y  i n  t h e  d i r e c t i o n  
t o w a r d   t h e   s t a b l e   p o s i t i o n .  It i s  c o n s i d e r e d   p o s i t i v e   w h e n ,   f o r   a n g l e s  
o f  a t t a c k  less t h a n  t h e  s t a b l e  a n g l e ,  it t e n d s  t o  r o t a t e  t h e  c a n o p y  
t o w a r d   t h e   s t a b l e   p o s i t i o n .  T h u s ,  a s t a b l e  p o ? i t i o n  w i l l  e x i s t  when 
. .  
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FIG. 4. MODEL SUSPENSION SYSTEM 
BRACING  WIRES PARACHUTE MODEL 
DRAG 
SENSING 




FIG 5. MODEL SUSPENSION AND STRAIN GAGE 
BALANCE ARRANGEMENT 
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c o e f f i c i e n t  (M) i n  r e s p e c t  t o  t h e  a n g l e  o f  a t t a c k  (a) i s  less  t h a n  z e r o .  
The r e s u l t a n t  t a n g e n t  f o r c e  a n d  a e r o d y n a m i c  moment c o e f f i c i e n t s ,  a s  
de te rmined  f rom the  three  component  measurements  on  models  4a  and  6a ,  
a r e  shown i n  F i g u r e s  6 and 7.  The t es t s  i n d i c a t e d  t h a t  model  6a  had a 
s m a l l e r  r e g i o n  o f  i n s t a b i l i t y  t h a n  mode l   4a .   The   s t ab le   ang le s   o f  
a t t a c k ,  a s  shown i n  F i g u r e  7 f o r  t h e s e  m o d e l s  were 6 and 13 d e g r e e s ,  
r e s p e c t i v e l y .   I n   a d d i t i o n  it  can  be  seen  f rom  Figure 6 t h a t  model  6a 
h a s  a h i g h e r  t a n g e n t  f o r c e  c o e f f i c i e n t  a t  i t s  s t a b l e  a n g l e .  
As a r e s u l t  o f  t h e s e  t es t s  t h e  DGB c a n o p y  c o n f i g u r a t i o n ,  a s  e x e m p l i -  
f i e d  by  models 6 a n d  6 a ,  w a s  s e l e c t e d  f o r  t h e  f l i g h t  tes ts .  
D.  M o d e l s   w i t h   S i m u l a t e d   P r e s s u r i z e d   T o r i  
”
One o f  t h e  f i r s t  DGB p a r a c h u t e s  f a b r i c a t e d  d u r i n g  t h e  i n i t i a l  d e s i g n  
s t a g e s  h a d  a p r e s s u r i z e d  t o r u s  l o c a t e d  i n  t h e  l e a d i n g  e d g e  o f  t h e  b a n d .  
T h i s  t o r u s ,  when p r o p e r l y  p r e s s u r i z e d ,  . h e l d  t h e  l e a d i n g  e d g e  o f  t h e  b a n d  
open t o  i t s  f u l l   c o n s t r u c t e d   d i a m e t e r .   P r e l i m i n a r y   w i n d   t u n n e l  t e s t s  
o f  t h i s  model i n d i c a t e d  t h a t  i t  h a d  a n  e x t r e m e l y  h i g h  d r a g  c o e f f i c i e n t ,  
and   ye t   t he   canopy  w a s   m o d e r a t e l y   s t a b l e .   F o r   t h i s   r e a s o n ,  i t  was 
d e c i d e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  t o r i  l o c a t e d  a t  t h e  l e a d i n g  e d g e  
o f  t h e  b a n d ,  t h e  t r a i l i n g  e d g e  o f  t h e  b a n d ,  a n d  t h e  o u t e r  e d g e  o f  t h e  
d i s k .  The   mode l s   f ab r i ca t ed   fo r   t he   pendu lum t e s t s  a n d   t h e   t h r e e  
component tests were equipped so t h a t  wire h o o p s ,  s i m u l a t i n g  p r e s s u r i z e d  
t o r i ,  c o u l d  b e  i n s t a l l e d  a t  a n y  or a l l  o f  t h e  t h r e e  l o c a t i o n s  l i s t e d  
a b o v e .   T o   i d e n t i f y   e a c h   o f   t h e   c o n f i g u r a t i o n s   p o s s i b l e  when u s i n g  t h e  
s i m u l a t e d  t o r i ,  a s e q u e n c e  o f  t h r e e  d i g i t s  ( e i , t h e r  z e r o s  o r  ones)  was 
u s e d  a f t e r  t h e  model  number t o  i n d i c a t e  t h e  number  and  loca t ion  of  
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Figure  6 .  Tangen t   Fo rce   Coef f i c i en t  vs Angle of A t t a c k  f o r  Models 4 a n d  6 
11 
Figure  7 .  Moment C o e f f i c i e n t  v s  Angle of A t t a c k  for Models 4 and 6 
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wire hoops  on  the  model .  From l e f t  t o  r i g h t   i n   t h e   s e q u e n c e ,   t h e   n u m b e r  
o n e  i n d i c a t e s  t h e  p r e s e n c e  a n d  z e r o  t h e  a b s e n c e  of a wire hoop a t  t h e  
l e a d i n g  e d g e  o f  t h e  b a n d ,  t h e  t r a i l i n g  e d g e  of t h e  b a n d ,  a n d  t h e  ou ter  
edge of t h e  d i s k ,  r e s p e c t i v e l y .  
For  example:  1-010  indicates  model  number 1 w i t h  a hoop a t  t h e  
t r a i l i n g  e d g e  of the  band  on ly .  
Parachute  models  1 t o  6 were s u b j e c t e d  t o  pendulum tes t s  w i t h  most 
p o s s i b l e   c o n f i g u r a t i o n s  of s imula t ed  t o r i .  R e s u l t s  of t h e s e  tes ts  a r e  
p r e s e n t e d  i n  T a b l e  3 .  F i g u r e s  8 and 9 show t h e  m o d e l s  a n d  p r e s e n t  t h e i r  
s t a b i l i t y ,  d r a g  and s t a b l e  a n g l e  of a t t a c k .  
C o n f i g u r a t i o n  1110011 (hoop  on ly  on  the  l ead ing  edge  of the  band)   was 
found t o  be uns tab le  on  models  1 t o  4 and was not  t e s t ed  on models 5 
and  6.  The r e m a i n i n g   c o n f i g u r a t i o n s   w e r e   q u i t e   s t a b l e ,   a n d  it was de te r -  
mined t h a t :  
1. The s t a b i l i t y   o f   t h e   p a r a c h u t e   i n c r e a s e d   w i t h   t h e   n u m b e r  
of  hoops and was affected very l i t t l e  by t h e i r  l o c a t i o n .  
2 .  The  d . rag  increased  with  the  number  of   hoops,   and  decreased 
s l i g h t l y  w i t h  a n  i n c r e a s e  i n  o p e n  a r e a  p r o v i d e d  by t h e  g a p  
be tween the  d isk  and  the  band .  
3 ,  Models 4 and 6 appeared  t o  h a v e   t h e   b e s t   o v e r a l l   p e r f o r -  
mance e v e n  w i t h  t h e  wire hoop c o n f i g u r a t i o n s .  
The tangent  and  moment c o e f f i c i e n t s  f o r  models 4a-001,  4a-111, 
6a-001,  and  6a-111 were a l so  de t e rmined  by  th ree  componen t  measu remen t s .  
The r e s u l t s  o f  t h e s e  tes ts ,  p r e s e n t e d  i n  F i g u r e s  1 0 ,  11, a n d  1 2 ,  
i n d i c a t e d  t h a t  t h e  s t a b i l i t y  a n d  t a n g e n t  f o r c e  of t h e  p a r a c h u t e  
i n c r e a s e s  a s  t h e  number of hoops i s  i n c r e a s e d .  
TABLE 3. RESULTS OF PENDULUM TESTS 
B = 3.0" 0.937 - +4 " 2" 101 
001 
0.839 6" - 0" 010 
0.913 .. .. - +4 " 0" 011 
1.012 - +2 " 2" 111 
0.888 - +6 " 0" 110 
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FIG. 8. MODELS I ,  2 ,  3 , 4  IN VARIOUS  TEST 
CONFIGURATIONS * (OSCILLATION  ABOUT  HE 
STABLE  ANGLE OF ATTACK ) 
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FIG 9 MODELS 5 AND 6 IN VARIOUS TEST 
CONFIGURATIONS *( OSCILLATION  ABOUT  HE 
STABLE  ANGLE OF ATTACK ) 
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Figure  1 0 .  Tangent   Force   Coef f i c i ent  vs Angle  of At tack  






Figure  11. Moment C o e f f i c i e n t  v s  Angle  of  Attack 
f o r  Model 4 wi th  S imula t ed  Tor i  
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F i g u r e  1 2 .  Moment C o e f f i c i e n t  vs Angle of A t t a c k  
f o r  Model 6 w i t h  S i m u l a t e d  T o r i  
111. CANOPY INFLATION A I D  DESIGN 
"
A. Background 
The  p r imary  pu rpose  o f  canopy  in f l a t ion  a ids  i s  t o  a s s i s t  and  a s su re  
i n i t i a l  o p e n i n g  o f  t h e  p a r a c h u t e  c a n o p y  i m m e d i a t e l y  a f t e r  e j e c t i o n  f r o m  
the   deployment   bag .  The secondary   purpose  i s  t o   m a i n t a i n   c a n o p y   s h a p e  
a f t e r  i n f l a t i o n .  A s  i n d i c a t e d   i n   S e c t i o n  111-C one  of t h e  o r i g i n a l  
g o a l s  o f  t h i s  p r o g r a m  was t o  d e s i g n  a parachute  canopy which was pressure 
i n f l a t e d  a n d  r i g i d i z e d  t o  t h e  " c o n s t r u c t e d  s h a p e " ,  t h u s  a t t a i n i n g  m a x i -  
mum d r a g  e f f i c i e n c y  d u r i n g  t h e  i n i t i a l  p e r i o d  o f  f l i g h t .  T h e  i n i t i a l  
p e r i o d  o f  f l i g h t  f o r  t h e s e  p a r a c h u t e s  i s  i n t e n d e d  t o  o c c u r  a t  or above 
200,000 f e e t  a l t i t u d e  w h e r e  t h e  a t m o s p h e r i c  p r e s s u r e  i s  0.149 mm Hg or 
less. There fo re   on ly  a minimum amount  of i n f l a t ion   gas   wou ld   be   needed  
f o r  p r e s s u r i z a t i o n  o f  r i g i d i z i n g  t o r i .  
I f  i n f l a t i o n  p r e s s u r e  n e c e s s a r y  t o  m a i n t a i n  c o n s t r u c t e d  c a n o p y  
e h a p e s  w a s  n o t  p o s s i b l e ,  t h e  a l t e r n a t e  d e s i g n  g o a l  was t o  u s e  a p r e s -  
s u r i z e d  t o r u s  t o  m a i n t a i n  t h e  c a n o p y  i n  i t s  i n f l a t e d  " n a t u r a l  s h a p e " .  
T h i s  m e a n t  t h a t  t h e  i n f l a t i o n  a i d  would n o t  exer t  any  fo rce  on  the  canopy  
a s  l o n g  a s  the   canopy  remained   fu l ly   open .   However ,   i f   the   canopy  had  
any  tendency t o  p a r t i a l l y  c o l l a p s e ,  s q u i d ,  o r  pump, t h e  i n f l a t i o n  a i d  
wou ld   p reven t   t hese   changes   i n   shape .  
B.  I n f l a t i o n   A i d s   f o r   q ' C o n s t r u c t e d   S h a p e "   C a n o p y   R i g i d i z a t i o n  
" 
I n  o r d e r  t o  p r e s s u r e  i n f l a t e  t h e  Disk-Gap-Band  canopy t o  i t s  
c o n s t r u c t e d  s h a p e ,  t h e  i n f l a t i o n  a i d  w o u l d  p r o b a b l y  b e  l o c a t e d  a t  t h e  
o u t e r  e d g e  o f  t h e  d i s k  p o r t i o n  o f  t h e  c a n o p y  a s  shown i n  F i g u r e  13-A.  
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Disk-Gap-Band Parachute  Canopy P r e s s u r e  I n f l a t e d  t o  
the Constructed Shape 
An a d d i t i o n a l  i n f l a t i o n  a i d  m i g h t  b e  r e q u i r e d  a t  t h e  lower edge  o f  t he  
band a s  shown i n  F i g u r e  13-B. 
T h e  s i m p l e s t  i n f l a t i o n  a i d  t o  p r o v i d e  a s m o o t h  c i r c u l a r  c r o s s - s e c t i o n  
i s  a to rus .  It was t h e r e f o r e  d e s i r a b l e  t o  p l a c e  a to rus  a r o u n d   t h e   o u t e r  
e d g e   o f   t h e   d i s k .   F a b r i c a t i o n   s f  a s e p a r a t e   t o r u s   a n d   d i s k ,   a n d   j a . i n i n g  
t h e  two items a t  a l l  p o i n t s  i n  a s t r o n g  j o i n t  would r e q u i r e  much m a t e r i a l .  
T o  k e e p  t h e  m a t e r i a l  r e q u i r e d  t o  a minimum, 81: i n t e g r a l  d i s k - t o r u s  w a s  
d e s i g n e d  w i t h  t h e  t o r u s  p o r t i o n  f o r m e d  b y  a c o n t i n u a t i o n  o f  t h e  d i s k  
m a t e r i a l .  A t y p i c a l   g o r e   p a t t e r n   f o r   t h i s   t y p e   d e s i g n  i s  shown i n  
F igu re  14. 
B e c a u s e  t h e  s e a l i n g  t a p e s  h a v e  c o n s i d e r a b l y  g r e a t e r  s t r e n g t h  i n  s h e a r  
t h a n  i n  p e e l ,  t h e  l o n g i t u d i n a l  s e a l i n g  t a p e  w a s  p l a c e d  i n s i d e  t h e  t o r u s ,  
where it was s u b j e c t   t o   s h e a r   f o r c e s .  The l o n g i t u d i n a l   s e a l i n g   t a p e  was 
c o n t i n u o u s  a r o u n d  t h e  d i s k  t o  p r e v e n t  l e a k s  a t  t h e  c o r n e r s  o f  t h e  t o r u s .  
T o r u s  c o r n e r s  ( j o i n t s )  w e r e  f a b r i c a t e d  i n  t h e  r e g u l a r  manner   before   the  
l o n g i t u d i n a l   s e a l  was  made. D e t a i l s   o f   t h e   t o r u s   c o r n e r   a n d   t h e   l o n g i -  
t u d i n a l   s e a l i n g .   t a p e   a r e  shown i n   F i g u r e  15.  The i n t e g r a l   d i s k - t o r u s  
was f a b r i c a t e d  f r o m  t h e  scrim m a t e r i a l  w i t h o u t  d i f f i c u l t y  a s  t h e  scrim 
t h r e a d  r e m a i n e d  o n  t h e  e x t e r i o r  sf t h e  t o r u s  a n d  t h e  s e a l i n g  t a p e s  were 
on t h e  i n t e r i o r .  F u l l  s t r e n g t h  of t h e   l a m i n a t e  was ma in ta ined   by   u s ing  
a scrim t a p e  w i t h  t h e  a d h e s i v e  on the  smoo th  Myla r  s ide ,  o r  b y  u s i n g  
M y l a r  t a p e  o f  g r e a t e r  t h i c k n e s s  t h a n  t h e  M y l a r  p a r t  of t h e  b a s i c  l a m i n a t e  
m a t e r i a l .  
T h r e e  1 2 - f o o t  d i a m e t e r  i n t e g r a l  d i s k - t o r i  were f a b r i c a t e d  w i t h  c r o s s -  
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F i g u r e  15. Detai ls  of I n t e g r a l   D i s k - T o r u s   C o n s t r u c t i o n  
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Canopy r i g i d i t y  was then t e s t ed  t o  d e t e r m i n e  t h e  t o r u s  i n f l a t i o n  
p r e s s u r e s  n e c e s s a r y  t o  wi ths t and   va r ious   canopy   l oad ings .   Aerodynamic  
load ing  was  s imula t ed  by p l a c i n g  f l ex ib l e  s h e e t s  of p o l y e t h y l e n e  on t h e  
canopy d isk .  
The i n f l a t i o n  p r e s s u r e  a t  w h i c h  t h e  torus buckled  or co l l apsed  was  
de te rmined  by o v e r p r e s s u r i z i n g  a n d  t h e n  r e d u c i n g  t h e  p r e s s u r e  i n  t h e  t o r u s  
u n t i l  a buck le   appea red .   The   p re s su re   a t   wh ich   t he   buck led   t o rus  
s t r a i g h t e n e d   w a s   d e t e r m i n e d   b y   r e v e r s i n g   t h e   a b o v e   p r o c e d u r e .   D e c r e a s i n g  
t o r u s   p r e s s u r e  most n e a r l y   s i m u l a t e s   t h e   f l i g h t   c o n d i t i o n s ,  However, t h e  
t e s t  a p p l i e d  o n l y  s t a t i c  l o a d s  a n d  h i g h e r  d y n a m i c  l o a d s  a r e  t o  be expec ted  
d u r i n g   a c t u a l   f l i g h t .   T h e r e f o r e ,   t h e   p r e s s u r e s   n e c e s s a r y  t o  s t r a i g h t e n  
a b u c k l e d  t o r u s  were o f  i n t e r e s t .  
A d i s k  l o a d i n g  of 5 t o  6 p o u n d s  w a s  a n t i c i p a t e d  i n  t h e  d e s c e n t  of t h e  
p a r a c h u t e   c a r r y i n g  a t empera tu re - sens ing ,   t e l eme t ry   package .   Th i s   wou ld  
r e q u i r e  p r e s s u r e s  of 0 .75  t o  1 . 5  p s i  i n  t h e  4 - i n c h  d i a m e t e r  t o r u s  t o  
a s s u r e   p r o p e r   r i g i d i z a t i o n   o f   t h e   c a n o p y   d i s k .   T o r u s   d i a m e t e r s   o f  l ess  
t h a n  4 i n c h e s  were n o t  s a t i s f a c t o r y  i n  h o l d i n g  t h e  d i s k  r i g i d ,  a s  t h e  
i n f l a t i o n  p r e s s u r e s  n e c e s s a r y  w e r e  c o n s i d e r a b l y  g r e a t e r  t h a n  t h o s e  n e e d e d  
o n  t h e  & - i n c h  t o r u s .  
S i n c e  r e s i d u a l  a i r  or  w a t e r  v a p o r  w o u l d  n o t  p r o v i d e  t h e  i n f l a t i o n  
p r e s s u r e s  r e q u i r e d ,  i s o p e n t a n e  c a p s u l e s  o r  p r e s s u r e  b o t t l e s  w e r e  n e c e s s a r y .  
However, because  such  p res su re  sources were n o t  c o m p a t i b l e  w i t h  t h e  
pack ing  volumes or  packing methods u s e d ,  s t u d i e s  o f  t h e  " c o n s t r u c t e d  
shape"   canopies   was   d i scont inued .  If a good h i g h   p r e s s u r e   i n f l a t i o n  
system b e c o m e s  a v a i l a b l e  i n  t h e  f u t u r e  t h e  a e r o d y n a m i c  p r o p e r t i e s  of t h e  
c o n s t r u c t e d  s h a p e  c a n o p y  h a v e  b e e n  e s t a b l i s h e d  a s  h a v e  t h e  d e s i g n  a n d  
f a b r i c a t i o n  t e c h n o l o g y .  
C.  I n f l a t i o n  A i d s  f o r  A "Natural  Shape"  Canopy "- 
After  program emphas is  changed  to  "na tura l  shape"  canopies  two new 
i n f l a t i o n   a i d s   w e r e   d e s i g n e d .  One o f   t h e s e   d e s i g n s   u t i l i z e d  a s e p a r a t e  
t o r u s  l o c a t e d  i n s i d e  t h e  band p o r t i o n  o f  t h e  c a n o p y  a s  shown i n  F i g u r e  1 6 .  
The t o r u s  was a t t a c h e d  t o  t h e  i n s i d e  o f  t h e  band a t  e a c h  g o r e  s u s p e n s i o n  
t a p e  by  a s t r a p   a r r a n g e m e n t ,   T h i s   a l l o w e d  some f l e x i b i l i t y  of  movement 
be tween the  torus  and  the  band  of  the  canopy.  
The second des ign  was  des igna ted  as  a " p i l l o w  b a n d  i n f l a t i o n  a i d " .  
I n  i t ,  e a c h  s e c t i o n  of the   band   be tween  suspens ion   l ines   formed  an  
i n f l a t a b l e  p i l l o w  a s  shown i n  F i g u r e  1 7 .  The p i l l o w s   w e r e   n e a r l y   s q u a r e  
a s  t h e  d i s t a n c e  b e t w e e n  s u s p e n s i o n  t a p e s  w a s  n e a r l y  e q u a l  t o  t h e  b a n d  
wid th .  To  form t h e  p i l l o w s  t h e  b a n d  was made o f   two   t h i cknesses   o f  
m a t e r i a l .  The e d g e s   o f   e a c h   i n d i v i d u a l   s e c t i o n   w e r e   s e a l e d   u s i n g  a f o l d e d  
t a p e  on t h e   i n s i d e   o f   t h e   p i l l o w .   T h i s   p u t   t h e   s e a l i n g   t a p e s   i n   s h e a r  
when t h e  p i l l o w  was s t r e s s e d  b y  i n f l a t i o n ,  
The  main des ign  f ea tu re  o f  t he  p i l l ow band  was  tha t  each  p i l l ow was 
a s e p a r a t e   i n f l a t a b l e .   T h i s   m e a n t   t h a t   f a i l u r e   t o   i n f l a t e  one or more 
of t he  p i l l ows  wou ld  no t  deg rade  the  pe r fo rmance  o f  t he  band  a s  an  in f l a -  
t i o n  a i d ,  e i t h e r  d u r i n g  i n i t i a l  i n f l a t i o n  o r  a f t e r  c o m p l e t e  d e p l o y m e n t  o f  
t he   canopy .   The   i n f l a t ed   p i l l ows   fo rm a s m a l l   a n g l e   a t   t h e i r   j u n c t i o n  
p o i n t ,  so t h a t  t h e  s e r i e s  o f  c o n n e c t e d  p i l l o w s  a p p r o x i m a t e  a t o r u s ,  
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F i g u r e  16  
Natural   Shape  Disk-Gap-Band  Pakachute  With 
S e p a r a t e  T o r u s  I n f l a t i o n  A i d  
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IV .  VACUUM CHAMBER TESTS OF INnATION A B  
A .  T e s t   P r o c e d u r e  
~" 
The i n f l a t i o n  tes ts  were c o n d u c t e d  i n  t h e  L a n g l e y  R e s e a r c h  C e n t e r  
60 - foo t   d i ame te r  vacuum s p h e r e .   S i m u l a t e d   a l t i t u d e s   o f  200 t o  215 
t h o u s a n d   f e e t   w e r e   o b t a i n e d  for  t h e  tests.  The pump  down time r e q u i r e d  
t o  a c h i e v e  t h e s e  p r e s s u r e  a l t i t u d e s  was a b o u t  e i g h t  h o u r s .  
The s t a n d a r d  p a r a c h u t e  c a n i s t e r  w i t h  t h e  p a c k e d  p a r a c h u t e  w a s  p u t  i n s i d e  
a t e s t  f i x t u r e  i n  t h e  vacuum sphe re .  The t e s t  f i x t u r e  w a s   s e a l e d ,   e x c e p t  
f o r  o n e  v e n t  l i n e  w h i c h  was va lved  t o  open e i t h e r  t o  t h e  vacuum  chamber 
or t h e   a t m o s p h e r e .   D u r i n g   t h e  pump  down p e r i o d ,  t h e  vent  was  open t o  t h e  
atmosphere so t h a t  t h e  p a c k e d  p a r a c h u t e  w a s  n o t  s u b j e c t e d  t o  a vacuum 
d u r i n g  t h i s  time. Two m i n u t e s  p r i o r  t o  t h e  s t a r t  o f  t h e  t e s t  , t h e  v e n t  
o n  t h e  t e s t  f i x t u r e  was closed t o  the  atmosphere  and  opened t o  t h e  vacuum 
chamber .   This   change   of   p ressure   in  t h e  t e s t  f i x t u r e   p a r t l y   s i m u l a t e d   t h e  
p r e s s u r e  c h a n g e s  e n c o u n t e r e d  d u r i n g  t h e  two-minute f l i g h t  of t h e  s o u n d i n g  
rocket f r o m  g r o u n d  l e v e l  t o  maximum a l t i t u d e .  
A t  the   end   of  t h e  two-minu te  p re s su re  equa l i za t ion  t ime,  t h e  cover of 
t h e  t e s t  f i x t u r e  was   re leased   by   squib-ac tua ted  b o l t s .  When it  was c e r t a i n  
t h a t  t h e  s q u i b s  h a d  f i r e d  a n d  t h e  cover r e l e a s e d ,  t h e  d r o p  w e i g h t  on t h e  
oppos i t e  end  o f  t he  cab le  was r e l e a s e d ;  t h i s  removed t h e  t es t  f i x t u r e  
cover. 
A l a n y a r d ,  a t t a c h e d  t o  t h e  lower s u r f a c e  o f  t h e  t e s t  f i x t u r e  cover, 
p u l l e d  on the   forward   bu lkhead   of  t h e  p a r a c h u t e  c a n i s t e r ,  s h e a r e d  t h e  
h o l d i n g   p i n s ,   a n d   o p e n e d   t h e   p a r a c h u t e   c a n i s t e r .  The parachute   suspen-  
s i o n  l i n e s  were f a s t e n e d  t o  t h e  f o r w a r d  b u l k h e a d  a n d  d e p l o y e d  a s  t h e  
c a b l e  p u l l e d  t h e  t es t  f i x t u r e  c o v e r  a n d  t h e  c a n i s t e r  b u l k h e a d  u p w a r d .  
A f t e r  t h e  s u s p e n s i o n  l i n e s  were deployed f u l l  l e n g t h ,  t h e  c a n o p y  w a s  
pu l l ed   f rom  the   dep loymen t   bag   fo ld   by   fo ld .   The   dep loymen t   bag   u sua l ly  
r e m a i n e d  i n  t h e  c a n i s t e r  d u r i n g  t h e  d e p l o y m e n t .  
B .  I n f l a t i o n   T e s t s  
A ser ies  o f  s e v e n  p a r a c h u t e  i n f l a t i o n  tes ts  were conducted t o  d e t e r -  
mine t h e  c a p a b i l i t i e s  o f  v a r i o u s  i n f l a t i o n  m e t h o d s  t o  o p e n  t h e  p a r a c h u t e  
i m m e d i a t e l y   a f t e r  it e jec ts  f r o m   t h e   c a n i s t e r .   I n f o r m a t i o n   c o n c e r n i n g  
t h e s e  t e s t s  i s  p r e s e n t e d  i n  T a b l e  4. 
The f i r s t  i n f l a t i o n  t e s t  was w i t h  a DGB p a r a c h u t e  h a v i n g  a n  i n t e g r a l  
3 - i n c h   d i a m e t e r   t o r u s   l o c a t e d  on the   edge   o f   t he   canopy   d i sk ,   Res idua l  
a i r  was t h e  i n f l a t i o n  medium. On t h i s  t e s t ,  t h e   u p p e r   p o r t i o n   o f   t h e  
deployment  bag d i d  n o t  e j e c t  f r o m  t h e  c a n i s t e r  a t  t h e  p r o p e r  t ime. As a 
r e s u l t ,  t h e  a t t a c h m e n t  l a n y a r d  a n d  p a r a c h u t e  s u s p e n s i o n  l i n e s  p a s s e d  
t h r o u g h   t h e   c e n t e r  of t he   uppe r   pa r t   o f   t he   dep loymen t   bag .  When t h e  
c a n o p y  e j e c t e d  f r o m  t h e  c a n i s t e r ,  it f o r c e d  t h e  u p p e r  p o r t i o n  o f  t h e  
deployment   bag   ou t   o f   the   can is te r .   The   deployment   bag   remained   a round 
t h e  s u s p e n s i o n  l i n e s  n e x t  t o  t h e  e d g e  of the   canopy,   and   comple te ly  
p reven ted  the  canopy  f rom in f l a t ing .  
On the  subsequen t  t e s t s ,  o n l y  t h e  m a i n  p o r t i o n  o f  t h e  p a r a c h u t e  
deployment  bag  was  used ,  thus  a l lowing  the  parachute  t o  d e p l o y  f r e e l y  
f r o m  w i t h i n  t h e  c a n i s t e r .  
D u r i n g  e x a m i n a t i o n  o f  t h e  p a r a c h u t e  u s e d  o n  t h e  f i r s t  t e s t ,  i t  was 
noted tha t  t he re  was some blocking (self-adhesion) of material which would 
be detr imental  to  canopy deployment. This problem was a l l e v i a t e d  by dust ing 
TABLE 4 
VACUUM CHAMBER INPLATION  TESTS 
TEST TYPE AND LOCATION INFLATION 
. NO. ". . - . . OF INFLATION A I D  MEDIUM TEST  RESULTS 
1 I n t e g r a l   3 v i n c h   d i a m e t e r   R e s i d u a l   a i





P ill ow Band 
Separa te  3- inch  d iameter  
t o r u s  l o c a t e d  on i n s i d e  
of band 
P i l l o w  Band 
S e p a r a t e  & - i n c h  d i a m e t e r  
t o r u s  l o c a t e d  on i n s i d e  
of band 
No i n f l a t i o n  a i d s  
Sepa ra t e  3 - inch  d i ame te r  
torus l o c a t e d  on i n s i d e  
of  band 
R e s i d u a l  a i r  
R e s i d u a l   a i r  
Var ious  
amounts  of 
w a t e r  i n  
b l o t t e r s  
6 cc of  water  
i n  b l o t t e r s  
" 
1 . 5  cc of 
w a t e r  i n  
b l o t t e r s  
C a n o p y  o p e n i n g  r e s t r i c t e d  
because of r e e f i n g  b y  
t h e  u p p e r  h a l f  o f  t h e  
deployment bag which 
s l i d  back on suspension 
l i n e s .  
Only p a r t i a l  i n f l a t i o n  
of p i l l o w s  - incomple te  
opening.  
S u c c e s s f u l  t e s t  on 
i n i t i a l  o p e n i n g  - n o t  
e n o u g h  p r e s s u r e  t o  
r i g i d i z e  t o r u s .  
Very   successfu l   opening  
- s t a y e d  r i g i d  even 
though 4 p i l l o w s  were 
p u n c t u r e d  b y  f a l l i n g  
g l a s s  f r o m  c e i l i n g  
l i g h t  f i x t u r e s .  
I n s t a n t a n e o u s  f u l l  
i n f l a t i o n  and r i g i d i -  
z a t i o n  o f  t o r u s .  
P a r a c h u t e  p a r t i a l l y  
opened  wi thou t  i n f l a -  
t i o n  a i d .  
O n l y  p a r t i a l  i n f l a t i o n  
t h e  s u r f a c e  o f  t h e  m a t e r i a l  w i t h  s i l i c o n e  p o w d e r .  No f u r t h e r   p r o b l e m s  
o f  m a t e r i a l  b l o c k i n g  were no ted .  
T h e  s e c o n d  i n f l a t i o n  t es t  was with a DGB pa rachu te  hav ing  a p i l l o w  
b a n d  i n f l a t i o n  a i d  a s  shown i n  F i g u r e  1 7 .  The p i l l ow  band   was   cons t ruc t ed  
of  two t h i c k n e s s e s  o f  m a t e r i a l ,  s e a l e d  a t  t h e  u p p e r  a n d  l o w e r  e d g e s ,  a n d  
a l s o  w h e r e   t h e   s u s p e n s i o n   l i n e s  crossed t h e   b a n d .   R e s i d u a l   a i r   w a s   t h e  
i n f l a t t o n  medium. When t e s t e d ,  t h e  p i l l o w s  or1l.y p a r t i a l l y  i n f l a t e d ,  and 
the  parachute  canopy d id  not  comple te ly  open .  
The t h i r d  i n f l a t i o n  t e s t  was w i t h  a DGB pa rechu te  hav ing  a 3- inch 
d i ame te r  torus  l o c a t e d  on t h e  i n s i d e  s u r f a c e  of t he  band  a s  shown i n  
F igure   16 .  When t e s t e d ,  t h e  i n i t i a l  o p e n i n g  of the canopy  was q u i t e   g o o d ,  
h o w e v e r ,  t h e r e  w a s  n o t  e n o u g h  p r e s s u r e  i n  t h e  t o r u s  t o  h o l d  t h e  c a n o p y  
c o m p l e t e l y  o p e n  a f t e r  i n i t i a l  i n f l a t i o n .  
A t  t h i s  time i n  t h e  t e s t i n g  s e q u e n c e ,  i t  was  dec ided  tha t  no t  enough  
r e s i d u a l  a i r  c o u l d  b e  r e t a i n e d  i n  a n  i n f l a t i o n  a i d  t o  p r o v i d e  t h e  i n f l a -  
t i o n   p r e s s u r e s   d e s i r e d .   T h e r e f o r e ,  it was   dec ided   t o   u se   sma l l   amoun t s  
o f   w a t e r   a s   a n   i n f l a t i o n  medium.  The water   was   p laced  i n  b l o t t e r s .   F o r  
t h e  f o u r t h  i n f l a t i o n  t e s t ,  t h e  DGB p a r a c h u t e  w i t h  t h e  p i l l o w  b a n d  i n f l a -  
t i o n  a i d  was   used .   Di f fe ren t   amounts   o f   water  were p l a c e d  i n  e a c h  of 
t h e  20 p i l lows   which   form  the   band .   F igures  18 a n d   1 9   i n d i c a t e   t h e  
r ap id   open ing   p rov ided  by w a t e r   a s   a n   i n f l a t i o n  medium. Examination  of 
F i g u r e s  1 8 a ,  1 9 a ,  a n d  1 9 b  r e v e a l s  t h a t  t h e  c a n o p y  h a d  o p e n e d  q u i t e  f a r ,  
even   be fo re  i t  was   comple t e ly   ou t   o f   t he   can i s t e r .   F igu res   18b   and   19c  
show t h e  e x t e n t  o f  o p e n i n g  a f t e r  t h e  c a n o p y  h a s  t r a v e l e d  a p p r o x i m a t e l y  
25 f e e t .  
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Figure 18, Top  View of Vacuum  Chamber Showing In f l a t ion  Tes t  of t h e  Disk-Gap-Band Parachute 
w w 
Figure 1 9 .  Side V i e w  of Vacuum Chamber Showing I n f l a t i o n  Test 
of t h e  Disk-Gap-Band Parachute 
The f i f t h  i n f l a t i o n  t e s t  was w i t h  a DGB p a r a c h u t e  h a v i n g  a s e p a r a t e  
4 - i n c h  d i a m e t e r  t o r u s  i n f l a t i o n  a i d  l o c a t e d  o n  t h e  i n s i d e  s u r f a c e  of t h e  
b a n d .   T h e   i n f l a t i o n  medium  was 6 cc of w a t e r   s o a k e d   i n  b lo t t e r s .  As can  
be seen  from F i g u r e  2 0 ,  i n f l a t i o n  was i n s t a n t a n e o u s  a n d  t h e  to rus  com- 
p l e t e l y  r i g i d i z e d .  T h i s  w a s  t h e  most successful t es t  of t h e  series. 
For  compar ison  purposes ,  a DGB p a r a c h u t e  w i t h  n o  i n f l a t i o n  a i d  of any  
k i n d  was e j e c t e d  i n  t h e  s i x t h  t es t .  T h e  o p e n i n g  c h a r a c t e r i s t i c s  were n o t  
a s  bad a s  e x p e c t e d  s i n c e  t h e  c a n o p y  o p e n e d  p a r t i a l l y  i n  t h e  s h o r t  d i s t a n c e  
it t r a v e l e d .  
C a l c u F a t i o n s  i n d i c a t e d  t h a t  1 . 5  c c  o f  w a t e r  i n  a 3- inch  d iameter  t o rus  
i n f l a t i o n  a i d  s h o u l d  p r o v i d e  c o m p l e t e  p r e s s u r i z a t i o n ,  i f  a l l  t h e  w a t e r  
evapora t ed ,  and  the  t empera tu re  o f  t he  wa te r  vapor  d id  no t  d rop  be low 
t h a t  of t h e  t e s t  chamber .   Test  No. 7 was w i t h   s u c h   a n   i n f l a t i o n   a i d .   T h e  
1 . 5  cc o f   w a t e r   d i d   n o t   p r o v i d e   c o m p l e t e   i n f l a t i o n .   T h i s   w a s   e x p l a i n e d  
by f u r t h e r  vacuum  chamber t e s t s  w h i c h  r e v e a l e d  t h a t  t h e  t e m p e r a t u r e  o f  
t h e  w a t e r  d e c r e a s e d  c o n s i d e r a b l y  a s  it v a p o r i z e d  b e c a u s e  o f  t h e  e n e r g y  
r e q u i r e d   f o r   v a p o r i z a t i o n .   S a m p l e  tes ts  i n d i c a t e d   t h a t   t h e   t e m p e r a t u r e  
o f   t h e   w a t e r   d e c r e a s e d  so much t h a t   t h e   u n v a p o r i z e d   w a t e r   f r o z e .  I t  was 
a l s o   d e m o n s t r a t e d   t h a t   e x c e s s   w a t e r   c o u l d   b e   u s e d  a s  a h e a t   s i n k .   T h i s  
may e x p l a i n  why 6 cc o f  wa te r  worked  qu i t e  well  i n  T e s t  No, 5 whereas 
1 . 5  cc of w a t e r  was o n l y  p a r t i a l l y  s u c c e s s f u l  i n  T e s t  No. 7 .  
C .  R e s u l t s  
The f i r s t  i n f l a t i o n  t es t s ,  c o n d u c t e d   i n   t h e  vacuum  chamber ,   indicated 
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Figure 20.  Top  View of Vacuum Chamber  Showing I n f l a t i o n  T e s t  of t h e  
Disk-Gap-Band Parachute  wi th  a T o r u s  I n f l a t i o n  Aid 
/ 
t h e  p i l l o w  b a n d  t o  e f f e c t i v e l y  a i d  c a n o p y  d e p l o y m e n t  a t  s i m u l a t e d  a l t i -  
t u d e s  o f  200,000 f e e t  o r  more .   Fur ther  t e s t s  u s i n g  w a t e r  v a p o r  a s  t h e  
p r e s s u r i z i n g  medium f o r  t h e  t o r u s  and  p i l low bands  were v e r y  s u c c e s s f u l  
i n  p r o v i d i n g  r a p i d  a n d  c o m p l e t e  o p e n i n g  of the  pa rachu te  canopy  immedi- 
a t e l y  a f t e r  e j e c t i o n  f r o m  t h e  c a n i s t e r .  I n  a d d i t i o n  w a t e r  v a p o r  p r o v i d e d  
some canopy  r ig id i za t ion  a f t e r  canopy  dep loymen t  was  comple t ed .  
The water  i s  stored i n  t h e  t o r u s  o r  p i l l o w s  by p l a c i n g  i t  i n  b l o t t e r s  
and  wrapping it i n   S a r a n   w r a p .   T h i s  i s  n e c e s s a r y  t o  p r e v e n t   e v a p o r a t i o n  
o f   t he   wa te r   unde r   a tmosphe r i c   cond i t ions .   Ca re  i s  t a k e n  t o  a s s u r e  t h a t  
t h e  w a t e r  v a p o r  c a n  e s c a p e  when t h e  b l o t t e r  p a c k e t  i s  s u b j e c t e d  t o  l o w  
p r e s s u r e s .  
A 4 - i n c h  d i a m e t e r  t o r u s  w i t h  6 c c  of w a t e r  was s e l e c t e d  a s  t h e  
i n f l a t i o n  a i d  s y s t e m  f o r  t h e  h i g h  a l t i t u d e  f l i g h t  t es t s ,  a s  i t  r e q u i r e d  
much less packing volume than t h e  p i l l o w  b a n d  i n f l a t i o n  a i d  s y s t e m .  
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V. PARACHUTE  DROP TEST FROM A HELICOPTER 
””
To be t t e r  observe t h e  d e p l o y m e n t ,  i n f l a t i o n ,  a n d  d e s c e n t  c h a r a c t e r i s t i c s  
of t h e  Disk-Gap-Band p a r a c h u t e  it was  dropped from a h e l i c o p t e r  a t  l o w  leve l .  
The  canopy  and i t s  i n f l a t i o n  a i d ,  t h e  f o l d i n g  a n d  p a c k i n g  p r o c e d u r e ,  t h e  
s u s p e n s i o n  l i n e  h o l d e r ,  a n d  t h e  d e p l o y m e n t  b a g  were a l l  s i m i l a r  t o  t h o s e  t o  
be used  on t h e  r o c k e t  f l i g h t  t es t s .  
A s  shown i n  F i g u r e s  21  and  22 a t h r o u g h  d ,  t h e  i n f l a t i o n  o c c u r r e d  a l m o s t  
i n s t a n t a n e o u s l y  a f t e r  r e l e a s e  from t h e  h e l i c o p t e r .  
A t  600 f e e t  a l t i t u d e  t h e r e  was a 1 2  t o  ‘15 knot   wind .   The   he l icopter   was  
headed   i n to   t he   w ind  t o  g i v e  zero  ground  speed a t  t h e  time o f   t he   d rop .   The  
lower leve l  w i n d  d i r e c t i o n  c h a n g e d  a b o u t  t h e  time of t h e  d r o p  a n d  t h i s  c h a n g e  
c a r r i e d  t h e  p a r a c h u t e  away from the  ground  camera  and  toward  the  runway  seen 
i n   t h e   p h o t o s .   O b s e r v a t i o n s   o f   t h e  DGB p a r a c h u t e   d e s c e n t ,   c o n f i r m e d   b y   t h e  
p h o t o s ,   i n d i c a t e d   t h a t   t h e   c m o p y   d i d   n o t   o s c i l l a t e   d u r i n g   t h e   d e s c e n t .   T h e  
p a r a c h u t e  d i d  d r i f t  w i t h  t h e  w i n d ,  but  no  e x a c t  i n f o r m a t i o n  o n  a n g l e  of 
d r i f t  or o f  w i n d  v e l o c i t i e s  w a s ,  a v a i l a b l e  f o r  a n a l y s i s .  
The t e s t  i s  c o n s i d e r e d  c o m p l e t e l y  s u c c e s s f u l ,  a n d  t h e r e  w a s  n o  v i s i b l e  
damage t o  t h e  DGB p a r a c h u t e  o t h e r  t h a n  t h e  l o o s e n i n g  o f  some scrim t h r e a d s  
o n  t h e  m a t e r i a l  a s  it was  d ragged  ac ross  the  conc re t e  runway  a f t e r  g round  
impact.  
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F i g u r e  21. Deployment of t h e  DGB Pa rachu te   f rom a H e l i c o p t e r  
Figure  22. Deployment of t h e  DGB Parachute   f rom a He l i cop te r  
V I .  HIGH ALTITUDE  FLIGHT  ESTS . -  " 
A. Genera l  
Four series of f l i g h t  t es t s  were conducted  ( f o r  a t o t a l  of 11 f l i g h t s )  
t o  de te rmine  the  pe r fo rmance  of t h e  Disk-Gap-Band p a r a c h u t e  system under  
a c t u a l   o p e r a t i o n a l   c o n d i t i o n s .   S e r i e s  1, 2 ,  and 4 f l i g h t  tes ts  were con- 
d u c t e d  a t  W h i t e  S a n d s  Missile Range i n  New Mexico. S e r i e s  3 tes ts  were 
a t  NASA W a l l o p  S t a t i o n  i n  V i r g i n i a .  NASA L a n g l e y  R e s e a r c h  C e n t e r  w a s  i n  
cha rge  of t h e  f l i g h t  t e s t  p rogram,   and   supp l i ed   a l l   equ ipmen t   i nc lud ing  
p a y l o a d s .   S o l i d   p r o p e l l a n t ,   s p i n - s t a b i l i z e d ,   s o u n d i n g   r o c k e t s  were used  
t o  b o o s t  t h e  p a r a c h u t e  a n d  p a y l o a d s  t o  a l t i t u d e s  o f  1 9 4 , 0 0 0  t o  232,000 
f e e t  under   normal   condi t ions .  An  N-9 t y p e  16mm c a m e r a ,   a s   d e s c r i b e d   i n  
Refe rence  3 ,  w g s  used  t o  r e c o r d  p a r a c h u t e  p e r f o r m a n c e  o n  f o u r  f l i g h t  t es t s ;  
and a High-G camera  pay load  sys t em,  a l so  supp l i ed  by  NASA Lang ley  Resea rch  
C e n t e r ,   w a s   u s e d   o n   t w o   f l i g h t s .   R a d a r   t r a c k   o f   t h e   d e s c e n d i n g   p a r a c h u t e  
system p r o v i d e d  i n f o r m a t i o n  o n  t h e  d e s c e n t  r a t e s .  
B .  F l i g h t   T e s t   P a r a c h u t e s  
" 
The DGB p a r a c h u t e s  u s e d  f o r  t h e  f l i g h t  t e s t s  were c o n s t r u c t e d  of an  
e x t r e m e l y  t h i n  (0.00025 i n c h e s  t h i c k )  m e t a l i z e d  p o l y e s t e r  f i l m  r e i n f o r c e d  
by scrim. The m e t a l i z e d  f i l m  g a v e   r a d a r   r e f l e c t i v i t y   a n d   r e s i s t a n c e  t o  
a i r  f l o w ,  w h i l e  t h e  scrim p r o v i d e d  t e a r  r e s i s t a n c e  a n d  t h e  t e n s i l e  s t r e n g t h  
needed t o  abso rb   shock   l oads   and   o the r   ae rodynamic   fo rces .   Because   t he  
DGB p a r a c h u t e  i s  c o n s t r u c t e d  of nonpe rmeab le   r e in fo rced   f i lm ,  i t s  s t a -  
b i l i t y  probably does not change with a l t i tude  as do parachutes constructed 
of woven materials whose permeability varies wi th  atmospheric density. 
0 
(Refe rences  2 and 4). 
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D e t a i l s  o f  t h e  c o n s t r u c t i o n  of t h e  DGB p a r a c h u t e s  u s e d  i n  t h e  
f l i g h t  tes ts  is  p r e s e n t e d  i n  T a b l e  5 .  
A l l  t h e  DGB p a r a c h u t e s  f l i g h t  t e s t e d  were equ ipped  wi th  torus  
i n E l a t i o n  a i d s .  The i n f l a t i o n  a i d s  were p r e s s u r i z e d  w i t h  w a t e r  v a p o r .  
The  4 - inch  c ross - sec t ion  d i ame te r  t o r i  were d e s i g n e d  t o  a s s i s t  i n  t h e  
c a n o p y  o p e n i n g  o n l y ,  a n d  d i d  n o t  i n f l u e n c e  t h e  i n f l a t e d  c a n o p y  o t h e r  
t h a n  t o  a s s u r e  t h a t  it r e t a i n e d  i t s  n a t u r a l   " i n   f l i g h t "   s h a p e .  The 
w a t e r  w h i c h  v a p o r i z e d  t o  p r e s s u r i z e  t h e  t o r u s  w a s  s t o r e d  i n  b l o t t e r s  
wrapped i n   S a r a n ,   a n d   l o c a t e d   i n   t h e   t o r u s .  A l l  t h e  DGB p a r a c h u t e s  
( excep t  no .  9) were e q u i p p e d  w i t h  m i n i a t u r e  b a l l  b e a r i n g  swivels, 
l oca t ed   be tween   t he   pa rachu te   and   t he   pay load .   The  swivels were u t i -  
l i z e d  t o  a l l o w  d i f f e r e n t i a l  r o t a t i o n  b e t w e e n  t h e  p a r a c h u t e  a n d  t h e  
pay load  wh i l e  t he  rocke t  impar t ed  1800 R P M  r o t a t i o n  r a t e  was d i s s i p a t i n g .  
It  s h o u l d  b e  n o t e d  t h a t  t h e  DGB parachutes   numbers  6, 8 ,  9 ,  and  10 
had  12 .5  pe r  cen t  open  a rea  r a the r  t han  the  15  pe r  cen t  open  a rea  used  
a t  t h e  s t a r t  of t h e  f l i g h t  t e s t  program.  The  open  area  was  reduced t o  
d e t e r m i n e  i f  a c o r r e s p o n d i n g  i n c r e a s e  i n  d r a g  e f f i c i e n c y  w o u l d  r e s u l t .  
A t  t h e  b e g i n n i n g  of t h e  f l i g h t  tes t  program,   the   s tandard   method 
of dep loy ing  or e j ec t ing  the  nose  cone  pay load  and  the  pa rachu te  was  
u s e d .   T h i s  i s  a s   f o l l o w s :   ( R e f e r e n c e  3) 
1. A t  or n e a r  t h e  maximum a l t i t u d e  o f   t h e   r o c k e t   f l i g h t   a n  
exp los ive  cha rge  i s  f i r e d  w h i c h  f o r c e s  t h e  n o s e  c o n e  
( c o n t a i n i n g  t h e  payload)  and  the  parachute  deployment  
bag  f rom the  fo rward  end  o f  t he  rocke t .  
2 ,  The parachute   deployment   bag i s  r e s t r a i n e d   b y  a l a n y a r d  
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TABLE 5 
DGB PARACHUTE  CONSTRUCTION  DATA 
SEXIAL NOMINAL  TOTAL D I S K  GAP OPEN  BAND SUSPENSION PARACHUTE 
NO. DIAMETER AREA DIA, WIDTH AREA WIDTH LINE LENGTH WE I GHT 
( f e e t )  S ( f t )  ( inches)  (%So) ( inche s) (feet) 
( sqOf t) 
1 16.8   222   12   10 -1 /2   15   24  18 2.6 
2   16 .8   222   12   10 -1 /2   15   24  18 2.6 
3   16 .8   222   12   10 -1 /2   15   24   18   2 .6  
4 18   255 12 . -86  11 -3/8  15  25-7/8  20  2.8 
5 1 8   2 5   1 2 , 8 6  11 -3/8 1 5  25-718 20  2 .8 
6   16 .6   216   12   8 -1 /2   12 .4   24   18   2 .49  
7   1 6 . 8   2 2 2   1 2   1 0 - 1 / 2   1 5   2 4  18 2.49 
8 1 6 . 6   2 1 6   1 2   8 - 1 / 2   1 2 . 4   2 4   1 8   2 . 5 0  
I 
I 9   17.75  247.5  12.86 9 12.4  25-7/8  20  2.19 
I 10 16 .6   216   12   8 -1 /2   12 .4   24   18   2 .50  
I * w 
and a c a b l e  f r o m  t r a v e l i n g  more than  abou t  5 feet  ahead 
o f  t h e  r o c k e t .  
3. T h e   p a y l o a d   c o n t i n u e s   f o r w a r d ,   d e p l o y i n g   t h e   s u s p e n s i o n  
l i n e s  a n d  t h e  c a n o p y .  
4. The pa rachu te   canopy   r ema ins   a t t ached  t o  the   deployment  
bag by means of .a b r e a k  c o r d  a t t a c h e d  t o  t h e  c a n o p y  a p e x ,  
u n t i l  t h e  s u s p e n s i o n  l i n e s  a n d  t h e  c a n o p y  a r e  d e p l o y e d  
f u l l  l e n g t h ,  and t h e  b reak   co rd   snaps .  
Thds  method  of  deployment  was l a t e r  f o u n d  t o  b e  u n s a t i s f a c t o r y  a n d  w a s  
m o d i f i e d  a s  i n d i c a t e d  i n  P a r t  D of t h i s  s e c t i o n .  
C .  S e r i e s  One F l i g h t   T e s t s  
””
The f i r s t  series of  t es t s ,  conducted from White Sands Missile Range 
(WSMR) i n   J u l y   o f   1 9 6 4 ,   c m s i s t e d   o f  t h ree  f l i g h t s .  The p a r a c h u t e s  for  
t h e s e  f l i g h t s  were 1 6 . 8  f e e t  n o m i n a l  d i a m e t e r  DGB p a r a c h u t e s ,  s e r i a l  
numbers 1, 2 ,  and 3 a s  l i s t e d  i n  T a b l e  5.  The f i r s t  DGB p a r a c h u t e  
f l i g h t  t e s t e d  had a D e l t a  t e m p e r a t u r e  s e n s i n g  i n s t r u m e n t  a s  t h e  p a y l o a d .  
The  purpose  of t h i s  f irst  f l i g h t  t e s t  was t o  p r o v e  t h e  pa rachu te  sys t em 
worked  before   the  more  expensive  camera  payloads were used.   Examinat ion 
o f  t h e  r a d a r  t r a c k  o f  t h e  p a r a c h u t e  d e s c e n t  i n d i c a t e d  e v e r y t h i n g  o p e r a t e d  
normally.   The  second DGB p a r a c h u t e  w a s  t h e n  f l i g h t  t e s t e d  w i t h  a n  N-9 
camera a s   t h e   p a y l o a d ,   A g a i n  t h e  r a d a r   t r a c k   i n d i c a t e d   n o r m a l   o p e r a t i o n .  
A t h i r d  f l i g h t  t e s t  was t h e r e f o r e  c o n d u c t e d ,  a g a i n  w i t h  a n  N-9 camera 
payload.   Examinat ion of t h e  r a d a r  t r a c k  o f  t h i s  t h i r d  f l i g h t  i n d i c a t e d  
d e s c e n t   r a t e s   s l i g h t l y   h i g h e r   t h a n   a n t i c i p a t e d .  The parachutes   and  
camera  pay loads  o f  bo th  f l i gh t s  2 and 3 were recovered ,  and  examinat ion  
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o f  t h e  f i l m  f r o m  f l i g h t  2 i n d i c a t e d  n e a r  p e r f e c t  o p e r a t i o n  a f t e r  d e p l o y -  
ment. Four   f rames   o f   the  movie f i l m  from f l i g h t  2 s h o w i n g  e j e c t i o n ,  
l i n e  s t r e t c h ,  i n f l a t i o n  a n d  s t e a d y  d e s c e n t  a r e  shown i n  F i g u r e  23.  
Wind t u n n e l  tes ts  of  a DGB model i n d i c a t e d  t h a t  t h i s  p a r t i c u l a r  
c o n f i g u r a t i o n  w a s  a e r o d y n a m i c a l l y  s t a b l e  a t  a n  a n g l e  o f  a t t a c k  o f  p l u s  
o r   minus   e ix   deg reee .  The f i l m  f r o m  t h e  f l i g h t  t e a t  i n d i c a t e d  e v e n  
b e t t e r  s t a b i l i t y  o n c e  t h e  i n i t i a l  o p e n i n g  a n d  d e p l o y m e n t  d i s t u r b a n c e s  
had damped o u t .  E x a m i n a t i o n   o f   t h e   f i l m   f r o m   f l i g h t  3 i n d i c a t e d  t h a t  
t h e  s u s p e n s i o n  l i n e a  became e n t a n g l e d  d u r i n g  e j e c t i o n ,  r e s u l t i n g  Ln a 
c o n s t r i c t e d  c a n o p y  s i z e ,  a s  shown i n  F i g u r e  2 4 ,  d u r i n g  t h e  s t e a d y  
d e s c e n t   p o r t i o n  of t h e   f l i g h t .   D a t a   c o n c e r n i n g   t h e s e   f l i g h t s   a r e   p r e -  
s e n t e d   i n   T a b l e   6 .   E x a m i n a t i o n   o f   t h e s e   f l i g h t   d a t a   r e v e a l s   t h a t   t h e  
average  CD v a l u e  f o r  t h e  f i r s t  f l i g h t  i s  ve ry   l ow.   Th i s  may i n d i c a t e  
r e s t r i c t i o n  o f  t h e  c a n o p y  s i z e  by   suspens ion   l i ne   en tang lemen t .  The CD 
g i v e n  f o r  f l i g h t  2 i s  c o r r e c t  f o r  a DGB p a r a c h u t e  w i t h  1 5  p e r  c e n t  
open  area .  
D .  S e r i e s  Two F l i g h t   T e s t s  
""
A second ser ies  of f l i g h t  t es t s  was conducted  from WSMR i n   Sep tember  
of  1964 t o  d e t e r m i n e  i f  s u s p e n s i o n  l i n e  k e e p e r s ,  l o c a t e d  a t  t h e  con- 
f l u e n c e  p o i n t  o f  t h e  s u s p e n s i o n  l i n e s ,  would a s s i s t  i n  p r e v e n t i n g  l i n e  
t ang l ing   p rob lems .  The s i z e   o f   t h e   p a r a c h u t e s  used  f o r  t h e s e  te-sts 
was i n c r e a s e d  t o  a nominal  d iameter  o f  18 feet  a s  i n d i c a t e d  i n  T a b l e  5, 
t o  p r o v i d e  t h e  maximum p o s s i b l e  d r a g  a r e a  f o r  t h e  a v a i l a b l e  p a c k i n g  
volume . 
The  suspens ion  l i nes  o f  DGB parachutes  numbers  4 and 5 a l s o  t a n g l e d  
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Figure 2 3 .  Deployment  Sequence of DGB Pa tachute   E jec ted   f rom a 
Sounding Rocket a t  209,000 f e e t  A l t i t u d e  
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Figure  24. R e s t r i c t e d  Canopy  Shape R e s u l t i n g  from Tangled Suspension Lines 
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DGB PARACHUTE  FLJGHT  EST DATA 
TEST  FLT. DGB PAYLOAD  PAYLOAD MAXIMUM 
SEKCES NO. SERLAL MCATION DATE TIME TYPE WEIGFT , ALTITUDE, AVE TCTAL 
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dur ing   the   deployment   sequence   of   the   f l igh t  tests.  Examinat ion   of   the  
r e c o v e r e d  p a r a c h u t e s  r e v e a l e d  t h a t  t h e  t a n g l i n g  of l i n e s  on both 
f l i g h t s  was p a r t l y  due t o  improper use o f  t h e  s u s p e n s i o n  l i n e  k e e p e r s .  
However  of  more importance was the determinat ion that  the parachute  
e j ec t ion   and   dep loymen t   s equence   d id   no t   occu r   a s   an t i c ipa t ed .  It was 
found f rom an  examinat ion  of  the  mot ion  p ic tures  of  these  tests, and 
those  of  series one ,  t ha t  t he  pa rachu te  canopy  was  e j ec t ing  immedia t e ly  
f rom  the   deployment   bag   and   fo l lowing   c lose ly   behind   the   payload .   Dur ing  
t h i s  t i m e  t h e  s u s p e n s i o n  l i n e s  d e p l o y e d  f r o m  t h e  l i n e  h o l d e r  b u t  were 
not   under   t ens ion   and   were   f ly ing   loose .  As the   parachute   canopy  opened  
and   a t ta ined   aerodynamic   d rag  i t  moved a f t  from  the  payload.  However,  
i n  t h r e e  o f  t h e  f o u r  f l i g h t s  h a v i n g  m o v i e  c o v e r a g e ,  t h e  l i n e s  t a n g l e d  
d u r i n g  t h e  p e r i o d  t h e y  w e r e  n o t  u n d e r  t e n s i o n ,  t h u s  p r e v e n t i n g  f u l l  
deployment   of   the   parachute   canopy.   The  analysis  of t h e  f l i g h t  t e s t  
movies showed tha t  t he  s t anda rd  dep loymen t  me thod  was n o t  p r o v i d i n g  
p r o p e r  c o n t r o l  o f  t h e  p a r a c h u t e  d e p l o y m e n t  s e q u e n c e ,  a n d  t h a t  a new o r  
modified deployment method was r e q u i r e d .  
E.  Redes ign  of the  Deployment  System 
" 
The most  important  i tem to be cons ide red  on any parachute  deploy-  
ment  method i s  t h e  a s s u r a n c e  t h a t  s u s p e n s i o n  l i n e s  a r e  k e p t  i n  t e n s i o n  
a t   a l l   t i m e s   d u r i n g   l i n e   a n d   c a n o p y   d e p l o y m e n t .  To a c c o m p l i s h   t h i s ,  
the deployment bag was r edes igned  by p l a c i n g  one  and  three-quar te r  
i nch  w i d e  c a n o p y  r e s t r a i n i n g  s t r a p s  i n s i d e  t h e  b a g ,  a n d  b y  a t t a c h i n g  
\ 
t h e   s u s p e n s i o n   l i n e   h o l d i n g   s t r i p   t o   t h e   d e p l o y m e n t   b a g .   T h i s  accom- 
p l i s h e d   t h r e e   t h i n g s :  1) a t t a c h i n g   t h e   s u s p e n s i o n   l i n e   h o l d i n g   s t r i p  
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t o  t h e  d e p l o y m e n t  b a g  a s s u r e d  t h a t  t h e  l i n e s  d e p l o y e d  f r o m  t h e  p a y l o a d  
a t t achmen t  end  on ly ;  2) use  of t h e  d e p l o y m e n t  o f  t h e  l a s t  l o o p  o f  t h e  
s u s p e n s i o n  l i n e s  a s  t h e  a c t i v a t i n g  m e c h a n i s m  f o r  r e l e a s e  o f  t h e  c a n o p y  
a s s u r e d  a g a i n s t  p r e m a t u r e  r e l e a s e ;  a n d  3) r e s t r a i n t  of t h e  c a n o p y  u n t i l  
t h e  s u s p e n s i o n  l i n e s  w e r e  f u l l y  d e p l o y e d  a s s u r e d  t h a t  t h e  c a n o p y  d i d  n o t  
e j e c t  f r o m  t h e  d e p l o y m e n t  b a g  u n t i l  t h e  s u s p e n s i o n  l i n e s  were s t r e t c h e d  
f u l l  l e n g t h  a n d  u n d e r  t e n s i o n ,  
A proto type  modi f ied  deployment  bag  conta in ing  a packed  parachute  
was s e n t  t o  NASA Lang ley  Resea rch  Cen te r  (LRC) f o r  e j e c t i o n  t e s t s  i n  
the   60 - foo t   d i ame te r  vacuum s p h e r e  t es t  f a c i l i t y .  The e j e c t i o n  t e s t s  
conducted  by LRC i n d i c a t e d  t h e  n e e d  f o r  a s h o c k  a t t e n u a t i n g  s y s t e m  t o  
a b s o r b  t h e  momentum f o r c e s  o f  t h e  e j e c t i n g  d e p l o y m e n t  b a g  c o n t a i n i n g  a 
r e s t r a i n e d   c a n o p y .  A modif ied  deployment   bag  with a s h o c k   a t t e n u a t i n g  
l anya rd  i s  shown i n  F i g u r e  25 .  
T h i s  same t e s t  s e r i e s  a l s o  c o n f i r m e d  t h a t  t h e  p r e v i o u s l y  u s e d  
dep loymen t  me thod  d id  no t  ope ra t e  a s  expec ted  and  tha t  t he  canopy  
e j e c t e d   f r o m   t h e   b a g   b e f o r e   l i n e s   w e r e   f u l l y   e x t e n d e d .  The b reak   co rd  
d i d  n o t  r e s t r a i n  t h e  c a n o p y  or a id  in  deployment  of  t h e  canopy or 
s u s p e n s i o n  l i n e s .  
F. S e r i e s   T h r e e   F l i g h t   T e s t s  
"" 
After t h e  d e p l o y m e n t  s e q u e n c e  h a d . b e e n  s a t i s f a c t o r i l y  m o d i f i e d ,  a 
t h i r d  s e r i e s  o f  f l i g h t  t e s t s  was  conducted a t  NASA W a l l o p s  S t a t i o n ,  




o f   the  new dep loymen t   bag   unde r   ac tua l   f l i gh t   cond i t ions ,  Two f l i g h t s  
were planned w i t h  parachutes  numbers  6 and 7 u s i n g  dummy pay loads  
/ 
PARACHUTE  CANOPY HELD BY 
RESTRAINING STRAPS AND RELEASED 
BY LAST LOOP OF SUSPENSION. LINES DEPLOYMENT BAG 7 
DEPLOYMENT BAG LANYARD 
WITH BREAK THREADS FOR 
SHOCK ATTENUATION 
Figure 25. Modif ied Deployment Bag Nith Packed Parachute 
which were buoyant .  As can  be  seen  f rom ?\;able 6 ,  f l i g h t  6 was   cons idered  
"no test" a s  t h e  r o c k e t  v e h i c l e  d i d  n o t  a t t a i n  t h e  r e q u i r e d  f l i g h t  a l t i -  
t u d e   f o r   p r o p e r  t e s t  cond i t ions .   However ,   t he   pa rachu te   d id  e jec t  from 
t h e  r o c k e t  a n d  t h e  d e p l o y m e n t  b a g ,  a f t e r  t h e  p r e s c r i b e d  time i n t e r v a l .  
T h e   p a r a c h u t e   e j e c t i o n   t o o k   p l a c e   a t   a n   a l t i t u d e   o f   1 2 9 , 0 0 0  f ee t .  The 
parachute  was recovered and was found t o  have the f o l l o w i n g  damage: 
1. 
2 .  
3 .  
The pay load  l anya rd  (1000-pound  s t r eng th  ny lon  l i ne )  had  
broken and t h e  dummy payload  (weight  approximate ly  8.35 
pounds)  was  not  found. 
S e v e r a l  s u s p e n s i o n  l i n e s  h a d  b r o k e n ,  some a t  t h e  c o n f l u e n c e  
p o i n t ,  some midway ,  and  o the r s  nea r  t he  edge  of the   canopy.  
The  canopy  had s p l i t  down t h e  c e n t e r  a n d  a p o r t i o n  of t h e  
d i sk  had  sepa ra t ed  and  was no t  found .  
F l i g h t  number 7 was a l s o  c o n d u c t e d  a t  W a l l o p s  S t a t i o n ,  b u t  a t  a 
l a t e r  time when wind c o n d i t i o n s  were more  f avorab le  fo r  t h e  r o c k e t  
l a u n c h .   T h i s   f l i g h t   a t t a i n e d  a maximum a l t i t u d e  of   194 ,000   fee t   and  
e j e c t i o n ,  d e p l o y m e n t ,  a n d  d e s c e n t  o f  t h e  p a r a c h u t e  were comple t e ly  
s u c c e s s f u l .   F i g u r e  26 i s  a photograph  of t h e   d e s c e n d i n g   p a r a c h u t e  
taken  f rom a c h a s e   a i r p l a n e .  The pa rachu te   and   t he  dummy payload  were 
r e c o v e r e d  b y  s h i p . ,  a n d  l a t e r  e x a m i n a t i o n  r e v e a l e d  t h a t  t h e r e  h a d  b e e n  
n o   s i g n i f i c a n t  damage. T h i s  t h i r d  se r ies  of f l i g h t  t e s t s  and   t he  
vacuum chamber e j e c t i o n  t e s t s  conduc ted  a t  Lang ley  Resea rch  Cen te r  
i n d i c a t e d  t h a t  t h e  m o d i f i e d  d e p l o y m e n t  s y s t e m  was working wel l .  
G.  S e r i e s   F o u r   F l i g h t   T e s t s  
"" 
The f o u r t h  a n d  f i n a l  se r ies  of f l i g h t  t es t s  was  then  conduc ted  a t  
I 
Figure  26. DGB Parachute   in   Descent   on   F l igh t  No. 7 
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WSMR, New Mexico i n  May and  June  of  1965.. Two f l i g h t s  u s e d  c a m e r a  
pay loads ,  a t h i r d  f l i g h t  was w i t h  a s p e c i a l  l i g h t w e i g h t  DGB p a r a c h u t e  
and a Dar t  i n s t rumen t  package .  A f o u r t h  f l i g h t  was  conducted when t h e  
p a r a c h u t e  f r o m  f l i g h t  number 8 was recovered and repacked,  and used 
w i t h  a D e l t a   i n s t r u m e n t   p a y l o a d   o n   f l i g h t  number 11. The r a d a r  t r a c k  
o f  t h e  f i r s t  f l i g h t  of t h i s  series,  number 8 ,  i n d i c a t e d  e x c e l l e n t  
o p e r a t i o n .  The u n i t  was recovered   immedia te ly ,   and   the   camera   f i lm 
p r o c e s s e d .  The  camera f i l m  i n d i c a t e d  t h a t  t h e  e j e c t i o n  p r o c e s s  t o o k  
p l ace   i n   an   o rde r ly   manner ,   and   was   ex t r eme ly   r ap id .   The   en t i r e   e j ed t ion ,  
deployment  and  inf la t ion  sequence  took  p lace  on t h e  f i r s t  t h i r t y - t w o  
f r ames   o f   t he   mov ie   f i lm   t aken   a t   64   f r ames   pe r   s econd .  The  second 
f l i g h t  of t h i s  s e r i e s  (9 )  was w i t h  t h e  l i g h t w e i g h t  DGB parachute  and  a 
sma l l   Dar t   i n s t rumen t   package .  For t h i s  p a r t i c u l a r  f l i g h t  t h e  p a y l o a d  
weight  was l e s s   t h a n   t h e   w e i g h t   o f   t h e   p a r a c h u t e .   T h e r e f o r e ,   t h e   t o t a l  
rocke t  pay load  was very small  and t h e  r o c k e t  a t t a i n e d  a much h i g h e r  
f l i g h t  a l t i t u d e  t h a n  u s u a l .  E j e c t i o n  of t he   pa rachu te   and   pay load   t ook  
p l a c e  a t  a p p r o x i m a t e l y  1 3 5  s e c o n d s  a f t e r  l a u n c h  w h e r e a s  t h e  maximum 
a l t i t u d e  or 285,000 f e e t  was   no t   reached   un t i l  1 5  s e c o n d s   l a t e r .  The 
p a r a c h u t e  e j e c t i o n  was observed  on t h e  r a d a r  b u t  n o  s e p a r a t e  t a r g e t s  
w e r e   i d e n t i f i e d .  A s i g n a l  was r ece ived   f rom  the   Dar t   i n s t rumen t   du r ing  
t h e  f l i g h t .  The t ime   o f   l o s s   o f   t he   s igna l   f rom  the   i n s t rumen t   co in -  
cided with the time of impact of t he  r ada r  t a rge t .  However, no exact 
r e a s o n  c a n  b e  g i v e n  f o r  t h e  f a i l u r e  o f  t h e  p a r a c h u t e  t o  d e p l o y  p r o p e r l y .  
Because it i s  t h e  u s u a l  p r o c e d u r e  t o  e j e c t  t h e  p a r a c h u t e  a n d  p a y l o a d  
f r o m  t h e  r o c k e t  a t ,  or v e r y  n e a r ,  t h e  p o i n t  o f  maximum a l t i t u d e  o f  t h e  
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r o c k e t  f l i g h t ,  t h i s  p a r t i c u l a r  e x p e r i m e n t  i s  be ing  r epea ted  by  NASA 
Lang ley  Resea rch  Cen te r  unde r  more  f avorab le  e j ec t ion  cond i t ions .  
Add i t iona l  i n fo rma t ion  w i l l  b e  a v a i l a b l e  a t  a l a t e r  time. 
The t h i r d  f l i g h t  o f  t h i s  series (no. 10) was w i t h  a s t a n d a r d  DGB 
parachute   sys tem  and  a camera   pay load .   The   r ada r   t r ack   i nd ica t ed  
e x c e l l e n t   o p e r a t i o n   a n d   t h e   u n i t  was r ecove red .   Examina t ion   o f   t he  
c a m e r a  i n d i c a t e d  t h a t  it h a d  n o t  o p e r a t e d ;  t h i s  w a s  l a t e r  t r a c e d  t o  
f a i l u r e  o f  t h e  b a t t e r i e s .  T h e r e f o r e  n o  f i l m  of t h i s  f l i g h t  i s  a v a i l a b l e .  
T h e  a v e r a g e  d r a g  c o e f f i c i e n t  f o r  t h i s  f l i g h t  was 0 .52 ,  t h e  h i g h e s t  
e x p e r i e n c e d  i n  t h e  f l i g h t  t e s t  program. 
An e x t r a  f l i g h t  t e s t  was  conducted by r e u s i n g  t h e  f i r s t  p a r a c h u t e  
r e c o v e r e d   f r o m   t h i s   f l i g h t   ( n o .  8 ) .  A s t a n d a r d   D e l t a   m e t e o r o l o g i c a l  
i n s t rumen t  was  used a s  a p a y l o a d .   T h e   r a d a r   t r a c k   a g a i n   i n d i c a t e d  a 
good f l i g h t .  I n  a d d i t i o n ,  t h e r e  was l i t t l e  or n o  v a r i a t i o n  i n  t h e  
s t r e n g t h  o f  t h e  t r a n s m i t t e d  s i g n a l  f r o m  t h e  Del ta  ins t rument  which  
i n d i c a t e s  a v e r y  s t a b l e  f l i g h t .  
The  modified  deployment  system  used on t h e  l a s t  two ser ies  of f l i g h t  
t es t s  p r o v e d  q u i t e  s u c c e s s f u l  i n  p r e v e n t i n g  t a n g l i n g  s u s p e n s i o n  l i n e s ,  
by  keep ing  the  pa rachu te  unde r  t ens ion  du r ing  the  dep loymen t  sequence .  
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VII. CONCLUSIONS AND -RECOMMENDATIONS 
Correc t  deployment  of  the  DGB parachute  f rom a sounding  rock6t  can  be  
a c h i e v e d  a t  a l t i t u d e s  of 200,000 f e e t  or h ighe r  by  us ing  a deploydent  bag 
w h i c h  r e t a i n s  t h e  c a n o p y  p o r t i o n  o f  t h e  p a r a c h u t e  u n t i l  t h e  s u s p e n s i o n  l i n e s  
have  been  dep loyed  fu l l  l eng th  arid a r e  u n d e r  t e n s i o n .  
DGB p a r a c h u t e s  e q u i p p e d  w i t h  t o r u s  i n f l a t i o n  a i d s  ( p r e s s u r i z e d  w i t h  
w a t e r  v a p o r )  i n f l a t e  i m m e d i a t e l y  a t  e j e c t i o n  a l t i t u d e s  o f  200,000 f e e t  or 
h i g h e r .  
Movie f i l m s  o f  t h e  DGB p a r a c h u t e  o p e r a t i n g  a t  or n e a r  200,000 f e e t  a l t i -  
t u d e  i n d i c a t e  t h a t  t h e  DGB p a r a c h u t e  i s  v e r y  s t a b l e  i n  f l i g h t ,  a n d  r e m a i n s  
f u l l y  o p e n  p r o v i d i n g  n o r m a l  d r a g  a r e a  a t  a l l  t i m e s .  
It  h a s  b e e n  d e t e r m i n e d  f r o m  f l i g h t  t e s t s  t h a t  t h e  DGB p a r a c h u t e  h a s  a n  
e f f e c t i v e  d r a g  c o e f f i c i e n t  of approx ima te ly  0 . 5  based on t o t a l  canopy area.  
The DGB p a r a c h u t e  s y s t e m  h a s  b e e n  s u c c e s s f u l l y  t e s t e d  a t  c a n o p y  l o a d i n g s  
(dynamic  p res su res )  a s  l ow as  0.052 pounds  pe r  squa re  foo t .  
I t  i s  recommended t h a t  f u r t h e r  s t u d i e s  be conducted w i t h  l i g h t e r  w e i g h t  
pa rachu te ,  and  pay load  sys t ems  hav ing  lower  canopy  load ings  to  de t e rmine  
what maximum f l i g h t  a l t i t u d e s  and minimum d e s c e n t  r a t e s  a r e  p o s s i b l e .  
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